The occurrence of a hydraulic connection between piezometers is identified based on similar changes in water levels. Some piezometers react to changing upper or lower water levels, some may also react to atmospheric precipitation. If the reaction to variable upper water levels is significant, then leakage of seepage control devices is identified and the dam is subjected to repair works. The aim of this research paper is to present and analyse the dynamics of variability of water levels in open piezometers of the Chańcza dam, located at the 36 km of the Czarna Staszowska River in the town of Korytnica in Świętokrzyskie province (Poland). Before the analysis of the piezometric data was commenced, the Grubbs statistical test was used to identify and reject the outliers. The scope of the research includes the data captured between January 14, 2014 and January 13, 2017. A hypothesis was formulated that the change in the trend occurred after the spring of 2015 when the water level in the reservoir was reduced by approx. 1.5 m. Two trend lines were adapted for the water levels of each piezometer using the least squares method -the first one for the period from January 2014 to May 2015, and the second one from June 2015 to January 2017. In this way, two slopes of the linear function were obtained together with an estimation of their errors. These slopes were compared using a statistical parallelism test.
INTRODUCTION
The construction of dams and the existence of water reservoirs which they form are of great importance to the local society. Reservoirs enable the storage of excess water and then its use when the shortage occurs. Dams, on the other hand, make it possible to prevent the effects of floods by modifying the course of the flood wave and, to a large extent, reduce its peak. Hydraulic structures, being massive objects, require the use of continuous diagnostic methods and are subject to constant monitoring. Because monitoring and diagnosis report about the technical condition of the facility, these processes help in formulating appropriate assessments, especially the assessment of the safety of hydraulic structures [GAMSE, OBERGUGGENBERGER 2017; KLEDYŃSKI 2011a; b] . Due to the fact that the intended purpose of dams is to impound water, these facilities can pose a serious threat to the surroundings. In order to ensure proper operation and safety of impounding structures, permanent monitoring is carried out, aimed at recording and predicting changes that occur in the foundation and structure of the facility, as well as at assessing its technical state [LACH, OPYRCHAŁ 2017; MOLSKI 2012] . Monitoring is usually a continuous, long-term and organized manner of observation of a specific structure or process. Therefore, monitoring of a facility determines systematic observations, measurements and model tests used to assess its technical state and safety [FELL et al. 2003; HU et al. 2011; SU et al. 2016] . The basic forms of monitoring dams include, e.g. piezometric measurements, which allow for measurements of water levels in open piezometers, or measurements of water pressure in closed piezometers. These measurements enable to control seepage through an impounding structure, and thus to assess structure's performance [LACH 2018a ]. Due to topographic and geological conditions, the dam was constructed as a homogeneous earth-fill structure from local fine sands and gravels (Figs. 1, 2) . It has 412 m in length, 13.8 m of maximum height, 10.0 m of the crest width and 1:3 slope. The slope protection of the right frontal dam is a curtain made of 20 cm thick reinforced concrete slabs, connected with a horizontal seepage control blanket, which reaches 100 m into the reservoir. The sealing of the left frontal dam is a seepage control barrier constructed to the bedrock as a diaphragm wall. Water drainage from the shell dam ensures pipe drainage in the fleece discharged to the toe drains.
MATERIAL AND METHODS
In the flow control block, there are spillways and bottom outlets. The spillway consists of 4 spans spaced every 7.0 m, equipped with gate valves with a height of 1.8 m with hydraulic drive. The bottom outlets of the weir consist of 6 channels with a diameter of 1400 mm and 2 channels with a diameter of 600 mm, built into concretes of the lower parts of the dump up barrier. Typical wedge with electric drive were adopted as gates of the outlets. The total flow capacity of the outlets and spillways at maximum water level is 274 m 3 •s -1
. The structure of a four-span bridge with a width of 10 m, located within the public road running along the crest of the dam, is based on the abutments and pillars of the weir. The weir contains a water intake for fish ponds and a fish restocking center. Below the flow control block, there is a release trough with a width of 35 m, length of 19.5 m and a depth of 1.5 m, with a single row of chicanes to dissipate the energy of the water flowing out of the reservoir through bottom outlets or spillways. The aim of this research paper was to examine the changing trends in water table levels in 56 open piezometers of the Chańcza dam, covering the study period from 14 th January 2014 to 13 th January 2017. Figure 3 illustrates the distribution of the piezometers. For each piezometer, 78 piezometric measurements were analysed, which gave a total number of 4 368 observations. 20 piezometers, for which no measurements were carried out or the aim of this research paper was to examine the changing trends in water table levels in 56 open piezometers of the Chańcza dam, covering the study period from 14 th January 2014 to 13 th January 2017. Figure 3 illustrates the distribution of the piezometers. For each piezometer, 78 piezometric measurements were analysed, which gave a total number of 4 368 observations. 20 piezometers, for which no measurements were carried out or no full measurement sequences were available in the analysed period, were excluded from the analysis. Before the analysis of the piezoa) b) source: WOJTAŚ et al. [2015] metric data was commenced, the Grubbs statistical test was used to identify and reject the outliers 2018b] . As a result, a total of 14 outliers were removed from the data set. The methodology of the research study consisted in drawing graphs of changes of water table levels in the open piezometers of the Chańcza dam and then determining the trend line for each piezometer using the least-squares method. The method of least squares allowed to find a straight line, which would be the most "adjusted" to the measurement points collected on the graph. The parameters of the straight line were selected in such a way that the sum of the squares of the differences between the experimental values and the calculated ones was as small as possible. This resulted in obtaining the value of the slopes and the constant term . 
The value of the statistics was calculated according to formula:
( 2 ) Where:
Based on the assumption that the verified hypothesis is true, the above statistic has Student's t distribution with 4 degrees of freedom. From the table of this distribution for the predetermined significance level 0.05 and for 4 degrees of freedom, such a critical value was read, so that | |
. When comparing the calculated value of the statistic with the critical value , the inequality | | or | | was obtained. In the first case, the hypothesis was rejected, in the second case, there were no grounds for rejecting the hypothesis [LACH 2018c ]. Figure 5 illustrates exemplary time series for the piezometers (piezometer B/a, for which the hypothesis was rejected, as well as the piezometer 5/2P, for which there were no grounds for rejecting the hypothesis ). 
RESULTS AND DISCUSSION

CONCLUSIONS
Out of the 56 analysed open piezometers of the Chańcza dam, in 24 cases there were no grounds for rejecting the hypothesis of equality of linear regression slopes, taking into account the period between January 2014 and May 2015, as well as between June 2015 and January 2017. This means that the trend of water levels has changed for 57.14% of piezometers. In most cases (95.83%) the trend is a declining one, which will lead to a decrease in filter gradients. Only for the piezometer 5/2P located on the downstream slope of the dam trend between June 2015 and January 2017 demonstrated an upward direction. The reasons for the noted changes in the trends of water levels and increase in filter pressure in these piezometers must be further clarified. Continuous monitoring of water levels, as well as possible model studies are necessary to explain this phenomenon.
